Objectives: To confirm clinically that coronary balloon catheter tips may be damaged during bifurcation treatment with side-branch access through the side of a stent. On the bench, we aimed to assess the susceptibility of different balloon designs to damage. We compared catheter tip widths.
| I N TR ODU C TI ON
Treatment of coronary bifurcation lesions is more challenging and is associated with more complications than treatment of simple lesions [1, 2] . Side branch access through the side of a stent by a wire and a balloon may be needed for optimal bifurcation treatment [3] but this may be challenging.
We have observed that one cause of obstructed passage of a balloon between stent struts to the side-branch is damage to the balloon catheter tip (Figure 1 ) [4] . A damaged, flared tip can catch on a stent or scaffold strut preventing passage to the side-branch and in addition may lead to displacement of stent struts and stent distortion [4] [5] [6] .
In this study, we aimed to confirm that balloon tip damage occurs clinically with successful and unsuccessful side-branch access. Furthermore, to compare the susceptibility of different balloon designs to tip deformation, we designed a bench test to measure the force required to shorten a balloon by 0.5 mm. We then inspected the balloons microscopically to see whether this caused permanent tip damage. In addition, we compared widths of balloon tips from different nominal balloon diameters from different manufacturers. On the bench, we examined the potential for flared balloon tips to distort stents.
Our observations may help operators choose an optimal balloon for side branch access. We draw attention to balloon tip damage and flaring as one cause of failure to pass a balloon through the side of a stent to the side-branch. Balloon tip damage may not be visible to the naked eye so it is important to be aware of this potential problem. We assessed whether kissing balloon post-dilatation improved stent distortion caused by catheter tip flaring.
| M E TH ODS
The structure of the distal end of a percutaneous coronary interventional balloon is shown in Figure 2 . The balloon shaft that houses the interventional wire tapers toward the distal tip which is the lesion entry point. The balloon is attached to the shaft at the proximal end of the tapered tip ( Figure 2 ).
| Clinical Study
Balloon catheters used clinically and encountering successful or unsuccessful access to the side-branch through the side of a stent during percutaneous bifurcation intervention were collected for tip evaluation.
The operator reported for each balloon the ease of crossing as failed, encountering resistance or no resistance. If more than one advancement of the balloon were required to access the side-branch or if there was a feeling that the balloon briefly caught on a strut, this was called resistance.
The tips of these balloons were evaluated microscopically and photographed with an EOS-1D Canon digital camera (Canon, Inc.,Tokyo, Japan) using a Leica Z6 APO microscopic lens (Leica Microsystems, Wetzlar, Germany).
| Compression Study
The apparatus used to measure the force required to shorten balloon tips by 0.5 mm is depicted in Figure 3 
| M E A SU RE M EN TS OF D I STA L TI P WI D TH S
The lesion entry profile of 3 balloon catheters for each of 3 nominal balloon diameters (1.25/1.5, 2.5 mm and 3.5 mm) if available from different manufacturers were made from photographs acquired using a microscope. In addition, the widths of balloons at the site of balloon attachment to the shaft were measured before inflation ( Figure 2 ). In general, manufacturers do not make non-compliant 1.5 mm balloons.
| Statistics
Descriptive statistics are presented as mean 6 SD or counts (% 
| Balloon Tip Width at the Level of Attachment of Balloon Material
For each balloon design, the width at the at the level of balloon material attachment (Figure 2 ) is greater for non-compliant balloons than semi-compliant balloons and increases with increasing nominal balloon diameter ( Figure 7) . If a balloon failed to cross to the side-branch, there was an almost 90% chance that the balloon tip was damaged. Of balloons that successfully accessed the side-branch, approximately half were damaged.
BARKHOLT ET AL. caused balloon material "winging" in that it is no longer "wrapped" and has not returned to its pre-inflation profile.
In our clinical study and in our bench study, if the balloon failed to cross or if resistance was encountered, there was a high chance of tip damage (>80%). If crossing was successful without resistance, damage was present in almost half of balloons in the clinical study but much less frequent (3%) in the bench study. In the bench study there were not sustained attempts at crossing if the balloon did not cross easily.
There is likely to be some selection bias as operators would be more likely to send us balloons from more challenging cases although balloons from sequential cases were requested.
Some balloons are more resistant to entry tip damage than others.
The Flexx2 tip design of the Galant balloon is reinforced with a wire coil and is very resistant to damage but has a larger entry profile than other balloon designs (Figures 4 and 5) .
We believe that some stent designs such as those with small cells (the space between struts defined by hoops and connectors) or with complicated cell shape are more difficult to cross than those with larger cells [4] . The more connectors there are between hoops, the smaller the cells and the more difficult they are to cross [4, 5] .
If stent damage is identified, it can be largely corrected by kissing balloon post-dilatation.
| LI M I TA TI ON S
Our clinical study which aimed to confirm that tip damage occurs clinically with side-branch access through the side of a stent, is likely to over-estimated the occurrence of tip splaying as operators may have been more likely to send balloons for examination after difficult sidebranch access.
Bench testing may not accurately predict balloon tip behavior in humans. We tested limited numbers of balloons.
Our bench bifurcation models do not have side-branch narrowing.
In patients, side-branch stenosis may restrict struts being pushed into the side-branch by a damaged balloon tip.
| CON CL U S I ONS
During coronary bifurcation percutaneous intervention, where a balloon catheter is required to pass through the side of a stent to the side-branch, the balloon tip is often damaged. Even when no resistance is felt with passage through the side of a stent, about half of the balloon tips were damaged. A damaged, flared balloon tip may not pass between stent struts to access the side-branch so that changing to a new unused balloon is recommended if there is failure to cross. 
